Diabetes is a worldwide problem. Approximately 350‒415 million people worldwide have diabetes.[@ref1],[@ref2] In 2012, diabetes was the direct cause of 1.5 million deaths with more than 80% of them occurring in low- and middle-income countries.[@ref1] Four out of 10 adults with diabetes in the Middle East and North Africa are undiagnosed.[@ref2] It is well known that diabetes is associated with many complications including eye, kidney, neurological, and heart diseases. In Saudi Arabia, the prevalence of diabetes in 2015 was 17.6% in adults with a total number of cases about 3,487,000. The total number of cases among children was 16,100 who have type 1 diabetes with incidence rate of 31.4 per 100.000 population per year, which is considered the highest annual incidence rate of type 1 among children in the world.[@ref2] Diabetes self-management education (DSME) "is the process of facilitating the knowledge, skills, and abilities necessary for diabetes self-care".[@ref3] Also, diabetes education minimizes the risk of short- and long-term complications and improves health outcomes and quality of care.[@ref3]-[@ref11] For these reasons, the level of diabetes education should be high in all diabetic patients because high-quality DSME has been shown to improve patient self-management, satisfaction, and glucose outcomes.[@ref3] The research question examined in this study is: "Do patients with diabetes in Saudi Arabia have adequate knowledge about their disease that can help them avoid complications and possible fatal outcomes?" Unfortunately, this question has been poorly studied in Saudi Arabia. This study will address this question and determine the level of diabetes knowledge and to identify the main knowledge gaps among diabetic patients in Makkah City, Kingdom of Saudi Arabia.

Methods {#sec1-2}
=======

Study design and Setting {#sec2-1}
------------------------

A cross-sectional design was used to answer our research question. This study was conducted in all governmental primary healthcare centers and hospitals in Makkah City, Saudi Arabia between November 2016 and February 2017.

Instrument {#sec2-2}
----------

A self-administrated Diabetes Knowledge Test 2 (DKT2), was used in this study, which is an updated version of DKT (we called it DKT1).[@ref12],[@ref13] Diabetes Knowledge Test 2 is a quick and low-cost method of assessing general diabetes and diabetes self-care knowledge. The DKT2 contains 2 parts with a total of 23 questions. The first part is a general knowledge part (GKP) and consists of 14 questions, and the second part is insulin use part (IUP) with 9 questions. Both are appropriate for adults with types 1 and 2 diabetes. Each section of the DKT2 can be used independently, but we used both parts with a global DKT (GDKT) score out of 23.[@ref13] Diabetes Knowledge Test is significantly associated with general diet and foot care according to one previous study.[@ref14]

We obtained permission from the DKT2 authors (Prof. James T. Fitzgerald) to use the questionnaire in our study. We added several items that related to gender, age, marital status, educational level, smoking, physical activity, duration of diabetes, compliance with medication regimens, glucometer use, wearing medical shoes, regular follow-ups, diabetes-related complications, family history of diabetes, and use of herbal diabetic treatments.

Sample size and sampling technique {#sec2-3}
----------------------------------

The estimated sample size was 744, which was calculated based on a DKT2 score of 59% with 95% confidence interval and power of the study as 80%. The design effect was estimated as 2.0. The total sample size was increased to 893 to accommodate an expected non-response rate of 20%.

We selected our subject using non-probability purposive sampling technique. We went to all hospitals and primary healthcare centers and asked the patients about their diabetic status. All those who said that they are diabetic and confirmed from diabetic register in respective hospitals and primary healthcare centers, were included in this study.

Inclusion and exclusion criteria {#sec2-4}
--------------------------------

All diabetic patients (both types 1 and 2) who were 18 years of age or older and have lived for 5 years or more in Makkah were included in this study. Patients who refused to sign the consent form were excluded from the study.

Ethical consideration and data collection {#sec2-5}
-----------------------------------------

The study followed the principles of the Helsinki Declaration and was approved by the ethical committees of Faculty of Medicine, Umm Al-Qura University and the Directorate of Health Affairs, Makkah City, Kingdom of Saudi Arabia. The study aims and objectives were explained to the patients and data were collected from patients who agreed to participate in this study. All patients signed the consent form. The questionnaire was anonymous without any reference or responsibility to participating patients. The data were collected between November 2016 and February 2017.

Statistical Analysis {#sec2-6}
--------------------

The Statistical Package for the Social Sciences (SPSS) version 23.0 (IBM Corp., Armonk, NY, USA) was used to enter, edit and analyze the data. We calculated the percentage of each category of the social and demographics variables. We also calculated mean and standard deviation of DKT2. We applied Mann-Whitney Test on gender, marital status, smoking, physical activity, compliance with medication regimens, glucometer use, wearing medical shoes, regular follow-ups, diabetes-related complications, family history of diabetes, and use of herbal diabetic treatments and Kruskal-Wallis Test on age, educational level and duration of diabetes. A *p*-value less than 0.05 was considered significant.

The DKT2 gives only a numerical score, but it does not have standardized categories of low, average and high levels of knowledge. Because of this, we developed our own definition of categories range as follows: 1) Global DKT (GDKT): 1‒11 (Low), 12‒18 (Average), 19‒23 (High), 2) General Knowledge Part (GKP): 1‒6 (Low), 7‒11 (Average), 12‒14 (High), 3) Insulin Use Part (IUP): 1‒4 (Low), 5‒7 (Average), 8‒9 (High).

Results {#sec1-3}
=======

Social and demographic characteristics {#sec2-7}
--------------------------------------

In the present study, 942 patients with diabetes were enrolled. All the questionnaires, where the answers given was 21 or more of DKT2 (out of 23), were included in the study. Finally, only 744 were valid with a response rate of 79%. The male to female ratio was 55.1:44.9, and most of the patients were married (64.7%). About 58.3% of the patient ages were more than 45 years, 34.0% performed physical activity, and 14.0% of the patients were smokers. The educational level most frequently selected was university education (28.1%) with only 12.9% of patients having no education (**[Table 1](#T1){ref-type="table"}**).
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Social and demographic characteristics.
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About 39.5% of the patients were diagnosed with diabetes 10 years ago or less. Most patients (73.3%) adhered to their medication regimens, 72.7% had a glucometer at home, and 69.1% regularly went to their follow-up appointments. We found that 40.1% of patients wore medical shoes, and 28.1% of patients tried to use herbs to treat their diabetes. As expected, 57.1% of the patients had a family history of diabetes, and 45.8% had diabetes-related complications (**[Table 1](#T1){ref-type="table"}**).

Level of diabetes knowledge {#sec2-8}
---------------------------

The majority of patients (66.1%) had average diabetes knowledge while 29.2% had low knowledge, and only 4.7% had high knowledge according to the global DKT2 scores with a mean 13.3±3.2 (57.8%±13.3%). As for the GKP of the DKT2, the mean score was 8.1±1.9 (57.8%±13.6%) while the IUP of the DKT2 mean score was 5.2±1.9 (57.8%±21.1%). **[Figure 1](#F1){ref-type="fig"}** shows more details.

![Level of knowledge according to each part of Diabetes Knoweldge Test 2.](SaudiMedJ-39-161-g002){#F1}

Factors affecting level of diabetes knowledge {#sec2-9}
---------------------------------------------

The level of education showed a very significant association with DKT2 (*p*\<0.001) with university levels receiving the best scores. Also, patients who used a glucometer (*p*=0.002) or wore medical shoes (*p*=0.023) got significantly higher DKT2 scores than those who did not (**[Table 2](#T2){ref-type="table"}**).

###### 

Comparison of different variables and its significant with Diabetes Knowledge Tests2 parts.
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Younger patients scored better than older patients with a significant association between age and only GDKT (*p*=0.039) and IUP (*p*=0.009). Also, diabetes duration and family history were significantly associated with GDKT (*p*=0.023 for the diabetes duration and *p*=0.038 for the family history) and IUP (*p*=0.032 for the diabetes duration and *p*=0.002 for the family history) (**[Table 2](#T2){ref-type="table"}**).

There was not a significant difference in the knowledge scores between men and women (*p*=0.522). No significant difference was found for rest of the variables (**[Table 2](#T2){ref-type="table"}**).

Dietary conceptions {#sec2-10}
-------------------

This study found that patients had dietary misconceptions as noted from questions 1‒4, 7, and 8 with average correct answers of 37.9%. Questions 3 and 4 were the most incorrectly answered (70.0% for question 3 and 75.5% for question 4) while questions 6 and 9 were the most correctly answered (89.0% for question 6 and 82.9% for question 9) (Appendix 1).

Discussion {#sec1-4}
==========

The result of the study presented impressive results with 70.8% of diabetic patients having average (66.1%) and high (4.7%) levels of diabetes knowledge. In **[Table 3](#T3){ref-type="table"}** we have presented a comparison of the present study with previous studies that used DKT and found almost similar results in Kuwait, Zimbabwe, Australia, Greece and USA studies, however our results were different than Nigerian studies.[@ref15]-[@ref19]-[@ref20],[@ref21] Indian studies had a knowledge score of 45.0%±12.1% and Turkish studies had a knowledge score of 68.3%±16.1%, but they used different instruments to measure the knowledge.[@ref22],[@ref23]

###### 

Comparison of present study with previous studies that used DKT.
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Similar to our study, other researchers have reported better knowledge and significant association with younger age, high educational level, longer duration of diabetes, and positive family history of diabetes, but not with gender or marital status.[@ref15]-[@ref18],[@ref21],[@ref23]-[@ref25] Unlike our study, other researcher reported significant association with smoking and diabetes related complications but not with age, educational level, or family history of diabetes.[@ref15],[@ref16]-[@ref21],[@ref23]

One study conducted in Makkah more than 15 years ago, with a sample size of 1,039 diabetic subjects, found that 68.7% had dietary misconceptions. Our study's dietary items showed a decrease in dietary misconception (62.1%), but most items were still incorrectly answered.[@ref26]

It is important to mention 2 key points: 1) all Saudi citizens are treated for free in government healthcare institutions, including primary healthcare centers and hospitals (some of them have specific diabetic centers). 2) Saudi citizens get free education from primary school until university in governmental institutions in Saudi Arabia; this is an important point since we found that education is the most significant factor (*p*\<0.001) in this study. From all of these facilities, only 4.7% had a high level and about one-third of the patients had a low level of diabetes knowledge.

Some of the limitations of this study is that it excluded private clinics and hospitals, their results may be different. Also, the study cannot be generalized to Saudi Arabia because it is limited to one city and based on non-probability technique.

In conclusion, patients' knowledge regarding diabetes was found poor in this study. Hence it is recommended that health care providers should pay more attention to diabetes education, especially with respect to dietary concepts. We are strongly advising researchers and physicians in Saudi Arabia to do similar research to determine the level of diabetes knowledge in their fields, to get a more comprehensive picture of their patients' knowledge of diabetes. The next study should examine the reasons associated with the low frequency of high knowledge; is it due to physician's activity, the healthcare system, the patients, or a combination of all? Researchers who are planning to do similar studies should explore this question. Finally, we suggest setting the DKT2 score range for low, average, and high levels of diabetes knowledge so it is easier when speaking to non-medical people; for researchers, it would be more reliable when comparing different studies that use DKT2 rather than developing their own individual scales.

*The authors thank all patients, primary healthcare centers and hospitals for their effective contribution to the success of this study. Special thanks to Diabetes center at Al-Noor Hospital and their staff*.

**Disclosure.** Authors have no conflict of interests, and the work was not supported or funded by any drug company.

![](SaudiMedJ-39-161-g005.jpg)
